A readily evident feature of animal central nervous systems (CNSs), apparent in all vertebrates and many invertebrates alike, is its ''wedge-like'' appearance, with more cells generated in anterior than posterior regions. This wedge could conceivably be established by an antero-posterior (A-P) gradient in the number of neural progenitor cells, their proliferation behaviors, and/or programmed cell death (PCD). However, the contribution of each of these mechanisms, and the underlying genetic programs, are not well understood. Building upon recent progress in the Drosophila melanogaster (Drosophila) ventral nerve cord (VNC), we address these issues in a comprehensive manner. We find that, although PCD plays a role in controlling cell numbers along the A-P axis, the main driver of the wedge is a gradient of daughter proliferation, with divisions directly generating neurons (type 0) being more prevalent posteriorly and dividing daughters (type I) more prevalent anteriorly. In addition, neural progenitor (NB) cell-cycle exit occurs earlier posteriorly. The gradient of type I > 0 daughter proliferation switch and NB exit combine to generate radically different average lineage sizes along the A-P axis, differing by more than 3-fold in cell number. We find that the Hox homeotic genes, expressed in overlapping A-P gradients and with a late temporal onset in NBs, trigger the type I > 0 daughter proliferation switch and NB exit. Given the highly evolutionarily conserved expression of overlapping Hox homeotic genes in the CNS, our results point to a common mechanism for generating the CNS wedge.
INTRODUCTION
In the central nervous system (CNS), generation of different cell numbers in different regions is crucial for the proper formation and function of neural circuitry and most likely determines differences in functional and cognitive capabilities between related and non-related species across evolution [1, 2] . A common feature, evident in all vertebrates and many invertebrates, is the ''wedge-like'' appearance of the CNS, with more cells generated in anterior than posterior regions [3] [4] [5] . This antero-posterior (A-P) wedge in cell number could conceivably result from A-P differences in progenitor numbers, proliferation modes, and/or programmed cell death (PCD). However, the contribution of each of these three mechanisms to the A-P CNS wedge is not well understood in any more derived metazoan.
The Drosophila CNS is sub-divided into the brain and the ventral nerve cord (VNC; thoracic [T1-T3] and abdominal [A1-A10] segments); herein, we focus on the VNC. The VNC is formed by 800 lateral neuroblasts (NBs) and a smaller number of midline NBs, which form in the neuroectoderm during early to mid-embryogenesis ( Figure 1A ) [9] [10] [11] [12] [13] . In each VNC hemisegment, 30 lateral NBs, all with unique identity, rapidly commence lineage progression by undergoing repetitive rounds of asymmetric divisions to finally stop after a programmed number of divisions, unique to each NB sub-type. NB stop occurs via one of three mechanisms: by programmed cell death (PCD) (''stopby-PCD''; e.g., NB7-3) [7, 14, 15] ; by cell-cycle exit followed by PCD (''stop-then-PCD''; e.g., NB5-6T) [7, 8] ; and by cell-cycle exit followed by quiescence (''stop-then-Q''; e.g., NB3-3T) [16] . In addition to this complexity in NB stop, many, perhaps all, lateral NBs display a programmed switch in daughter proliferation. Initially, NBs generate daughter cells that divide once, giving rise to two neurons and/or glia (denoted type I proliferation mode) [17] . Subsequently, many, perhaps all, switch proliferation mode to generating directly differentiating neurons (type 0) ( Figures 1A and 1H ) [6] . In addition to the involvement of PCD in NB stop, a number of postmitotic cells are also removed by PCD [14, [18] [19] [20] [21] . In spite of these advances in basic NB lineage biology, the contribution of each of these processes to the formation of a VNC wedge in cell number is not well understood.
We find that there is an A-P gradient in cell numbers in the VNC, manifesting itself toward later stages of neurogenesis. Surprisingly, despite involvement of PCD in modulating overall cell number, A-P differences are mainly due to proliferation control, with abdominal segments showing decreased NB proliferation and a more prevalent type I > 0 daughter proliferation switch when compared to thoracic segments. Strikingly, this translates into considerably smaller average lineages being generated by posterior NBs: for A9-A10, less than one-third in size of the average T1-T3 lineage. We furthermore identify the posterior Hox genes Ultrabithorax (Ubx), abdominal-A (abd-A), and Abdominal-B (Abd-B) as key regulators of this differential (H and I) Lineage trees of NB5-6 (H) and NB3-5 (I) in different segments of the VNC (PCD, programmed cell death; Q, quiescence; PCD in NB5-6T after cell-cycle exit was described previously) [7, 8] . See also Figure S1 and Tables S1 and S2. proliferation behavior. These genes are expressed in overlapping gradients along the VNC, with a late temporal onset in NBs, and act to stop NB proliferation and trigger the type I > 0 daughter proliferation switch via regulation of key cell-cycle genes. These results demonstrate that overlapping and temporally gated Hox gradients create an A-P gradient of type I > 0 daughter proliferation switches and NB exit, resulting in a wedge in NB lineage size and overall cell numbers. Given the conservation of overlapping Hox homeotic gene expression in metazoan CNSs, these mechanisms may help explain the wedge-like appearance of the CNS in many species, including mammals.
RESULTS

A-P Gradient of Cell Numbers in Two Neuroblast Lineages
Previous studies of specific NB lineages have revealed differences in size between thoracic and abdominal lineages [7, 10-12, 22, 23] . However, these studies did not analyze lineage size along the entire A-P axis of the VNC. To address these questions, we analyzed proliferation and size in the NB5-6 and NB3-5 lineages in each segment of the VNC in the Drosophila embryo. The NB5-6 lineage can be identified by reporter transgenes driven by the lbe(K) enhancer ( Figures 1A and 1B) [24, 25] . Reporters driven by the ham enhancer (GMR80G10) were recently shown to be expressed by several row 4 NBs and a lateral lineage anterior to the row 4 [26] . Analysis of the lateral lineage revealed maintained expression into L3 larvae ( Figure 1F ). Thus, based upon its position in row 3, being lateral most and one of the three NBs surviving into larvae ( Figure 1F ) [27] , we conclude that hamGal4 expresses in NB3-5, with an onset right after NB delamination ( Figures 1C and S1A-S1C ). To resolve lineage progression of NB5-6 and NB3-5, we used antibodies to Deadpan (Dpn), which is expressed in NBs, and phospo-Ser10 Histone3 (PH3), which identifies mitotic cells. Dpn is also detected in daughter cells right after mitosis, but not when daughters enter mitosis 100 min later. This combination of markers thus allowed us to identify dividing NBs (Dpn+ and PH3+) and dividing daughter cells (Dpn negative and PH3+) within these lineages ( Figure 1G ) [6] .
Analysis of the NB5-6 lineage sizes revealed an increased number of cells in segments T1-T3 when compared to segments A1-A8 ( Figure 1D ). This is in line with previous findings on T1-A4 NB5-6 lineage progression [7, 8] . However, we observed even fewer numbers of cells in NB5-6 in segments A8-A10 when compared to A1-A7 ( Figure 1D ). Proliferation analysis of the NB5-6 lineage mirrored these differences in lineage size, with an earlier NB proliferation stop in A1, A7, and A9-A10 when compared to T2, as well as earlier type I > 0 daughter switch in A9-10 when compared to T2, A1, and A7 (Table S1; Figure 1H ).
In contrast to NB5-6, the NB3-5 lineage analysis revealed comparable number of cells from T1-A7 ( Figures 1C and 1E ). Similar to NB5-6, however, lineage size was reduced in segments A8-A10 ( Figures 1C and 1E ). Proliferation analysis of the NB3-5 lineage revealed three different types of proliferation behavior. In the T1-A7 segments, we observed dividing NB and daughter cells up to St16+100 min ( Figure 1G ; Table S2 ). In A8, we found dividing NBs at St16+100, and daughter divisions until St16. In A9-A10, we detected both diving NBs and daughters up to St15 but no divisions at later stages ( Figure 1G ).
Based upon known delamination time points of NB5-6 and NB3-5 [28, 29] , NB, and daughter cell-cycle length [6, 30] , together with our lineage size and proliferation analysis, we find that the NB5-6 and NB3-5 lineages display an earlier type I > 0 switch and NB exit toward abdominal segments, therefore generating fewer cells (Figures 1H and 1I ).
A-P Gradient of Cell Numbers in the VNC To investigate global A-P differences in VNC neurogenesis, we quantified the total number of cells generated per segment (T1-A10) at the end of the major neurogenesis phase, St16, using DAPI staining. Similar numbers of NBs form in each VNC segment: 64 for T2-A7 and 62 for A8 [10] [11] [12] . The A9-A10 segments have a reduced number of NBs and combined contain 68 NBs [9] . To simplify comparison between segments, we will deal with A9-A10 combined as one segment. We found significant differences in average cell number in thoracic segments (T1-T3; 836 ± 85 per segment) when compared to anterior abdominal segments (A1-A7; 651 ± 59 per segment) and posterior abdominal segments (A8-A10; 372 ± 42 per segment; Figure 2A ). Analysis of individual segments revealed that sizes are graded, defining a wedge in the number of cells along the A-P axis ( Figure 2B ). These DAPI-based cell number estimates agree with previous measurements of thoracic and anterior abdominal segments, quantified using reporter gene expression and markers [31] , or Nomarski-optic cell counts [14] .
To address the influence of PCD on these segmental differences, we analyzed cell numbers in a PCD mutant background (Df(3L)ED225) [32] . As anticipated from previous studies demonstrating NB stop-by-PCD and PCD of postmitotic cells [7, 14, 15] , we found an increase in cell number in PCD mutants (ED225), when compared to control embryos, in all segments examined (Figures 2A and 2B ). The effect of PCD upon cell number was more pronounced in segments A8-A10 ( Figure 2C ), which was also reflected by cleaved-Caspase3 immunostaining (Figures S2A-S2E'). Nevertheless, there was still substantial differences between cell numbers in the T1-T3 region (1,095 ± 176 per segment) when compared to the A1-A7 (875 ± 58 per segment) and A8-A10 regions (656 ± 64 per segment) ( Figures  2A and 2B ).
To determine how the estimated cell numbers relate to lineage size along the A-P axis, we related our data to the known number of NBs in each segment (we did not account for the midline progenitors because of their comparatively low number and small lineages) [13] . These estimates pointed to a striking A-P gradient of cell numbers generated per ''average lineage,'' ranging from 14.3 cells/lineage in T1 to 4.2 cells/lineage in A9-A10 in controls and 18.1 cells/lineage versus 7.8 cells/lineage in PCD mutants. These results reveal that, whereas PCD plays an important role in regulating cell numbers in the developing VNC, the A-P gradient in lineage size is evident even in the absence of PCD.
A-P Gradient of Proliferation in the Developing VNC Because the striking A-P differences in average lineage size are observed even in PCD mutants, we wanted to address to what extent differential NB cell-cycle exit and type I > 0 daughter proliferation switches contribute to cell numbers. We therefore performed global proliferation analysis, again relying on the Dpn and PH3 markers, together with Prospero (Pros), which is asymmetric-cytoplasmic in NBs and nuclear in daughter cells. This previously described combination of markers allows for distinguishing dividing NBs from dividing daughters globally ( Figures 2D-2E') [6, 15, 33, 34] .
We quantified dividing NBs and daughter cells in T2-T3 and A6-A10 from the onset of neurogenesis (St10) to its culmination (St16). We observed significantly higher NB and daughter proliferation in thorax, when compared to abdomen, during St12-St13 for NBs and St11-St14 for daughters ( Figure 2H See also Figure S2 and Tables S3 and S4. proliferation at stages 12 and 13, only significant for T3 (Figure 2F ). We observed no significant effects on daughter proliferation ( Figures 2F and 2G ). Taking into account (1) the known number of NBs in each segment, (2) the minimal effect of PCD on NB cell-cycle exit, (3) the PCD removal of NBs after lineage stop, (4) the lack of effect of PCD on daughter proliferation, and (5) the role of PCD in postmitotic cell removal, we postulate radically different average lineages in the thorax and abdomen, in particular with respect to the A8-A10 segments. The abdominal average lineage distinguishes itself from the thoracic one by an earlier type I > 0 daughter proliferation switch, earlier NB cell-cycle exit, increased removal of NBs after stop, and increased PCD of postmitotic cells.
BX-C Hox Homeotic Gene Expression Is Gradually Activated in NBs
Because the A-P gradient of cell number and proliferation was evident even in PCD mutants, we focused on the issue of proliferation control and began addressing the underlying mechanisms. In Drosophila, the Hox homeotic genes control several aspects of VNC development, including NB lineage progression and acquisition of particular NB fate [7, 22, [35] [36] [37] . Importantly, the thoracic Hox gene Antennapedia (Antp) was found to control type I > 0 daughter switches and NB exit in the thoracic segments [6] . In addition to its A-P restriction in expression, Antp also displayed late expression onset in the NB5-6T lineage [6, 7] .
Based upon these previous findings, we studied the possible role of the three Hox genes of the Bithorax Complex (BX-C): Ubx, abd-A, and Abd-B, which are responsible for the identities of abdominal segments (A1-A10). First, we analyzed their expression at the end of the NB delamination process (St11) and during the main phase of type I > 0 switch and NB exit (St13). We found that BX-C protein expression was absent or very low at St11 but robust at St13 with their previously described A-P segmental boundaries [7] (Figures 3A-3C ). We addressed this progressive onset of Hox expression specifically in NBs and found that, similar to the overall VNC expression observed at St11, there was low or no expression of Ubx and Abd-A in NBs at St11 (Figures 3D and 3E ). At St13, Ubx and Abd-A showed robust expression in NBs, with heterogeneous levels in different NBs within the segments (Figures 3D-3G ). At St11, Abd-B displayed NB expression in A8-A10, also heterogeneous, and expression intensified into St13. At St 13, Abd-B expression was also observed in A7 NBs ( Figure 3F ).
To determine whether onset of BX-C expression fits with lineage progression in identified lineages, we focused on the onset of Ubx in NB5-6 and NB3-5 in segment A1. We analyzed St12, at which NB5-6 is nearing the type I > 0 switch and NB exit, whereas NB3-5 is in the midst of a long type I window ( Figures  1H and 1I ). In line with previous analysis of BX-C expression in NB5-6 [7] , we observed Ubx expression in NB5-6 ( Figure S3B ). In contrast, there was no detectable expression in NB3-5 ( Figure S3A ).
These results revealed that, similar to Antp, BX-C Hox protein expression is largely absent in early NBs ( Figure 3B ). Subsequently, Hox expression commences in NBs but is restricted to specific segments, establishing overlapping gradients along the A-P axis of the VNC ( Figure 3C ). The onset of BX-C expression globally, as well as in NB3-5 and NB5-6, fits with these genes playing a role in the type I > 0 switch and NB exit.
BX-C Hox Genes Control Daughter and NB Proliferation Posteriorly
To address the possible role of the BX-C Hox genes in controlling the type I > 0 daughter switch and NB exit, we performed daughter and NB proliferation analysis in Ubx, abd-A, and Abd-B mutants. We performed the analysis at St13, when NB expression is robust for the BX-C factors and where differences between thorax and abdomen are noticeable. Ubx and abd-A mutants did not show any effect on NB proliferation in any segment (A1-A7 and A2-A8, respectively), but we observed a significant increase in daughter proliferation in A1 for Ubx and A5 for abd-A ( Figures 4A-4D, 4G, and 4H) . Abd-B mutants displayed the strongest phenotype, with increase in both NB proliferation in segment A9-A10 and daughter proliferation in A8-A10 ( Figures 4E, 4F , and 4I). Whereas neither Ubx nor abd-A showed NB proliferation effects, the reduction of NB proliferation in A9-A10 in Abd-B mutants prompted us to investigate NB numbers in these mutants. We observed a small yet significant increase in NB numbers, at St13, in Abd-B mutants ( Figure S4C ). However, the lack of NB and daughter proliferation effects in PCD mutants in A9-A10 ( Figure 2F ) points to Abd-B controlling proliferation and PCD separately rather than proliferation via PCD. Because of the overlapping expression of the BX-C genes, we also analyzed abd-A, abd-B double mutants and triple BX-C mutants. This showed increased proliferation in several segments ( Figures S4A and S4B) , albeit not apparently increased beyond that observed in the single mutant. The lack of increased effects may be due to the posterior prevalence effect, whereby posterior Hox genes suppress anterior ones [38] [39] [40] , in particular given that Antp also regulates both daughter and NB proliferation [6, 7] .
Previous single-lineage studies demonstrated effects of BX-C on NB5-6 lineage progression [7] . To study proliferation control in the NB3-5 lineage, we introduced a ham-GFP transgenic marker into Abd-B mutants and assayed NB and daughter proliferation at St16 in A9, a stage at which NB3-5 does not show any divisions in control ( Figure 1G ). As anticipated from the strong global effects, Abd-B mutants displayed aberrant daughter and NB proliferation in NB3-5 ( Figure 4J ).
BX-C Hox Gene Misexpression Reduces Daughter and NB Proliferation
Next, we analyzed misexpression of Ubx, abd-A, and Abd-B using the pros-Gal4 driver, which is expressed by most if not all NBs from St10 and onward. In order to observe the gain-offunction effect of the BX-C genes out of their main expression domains, we analyzed NB and daughter proliferation in thoracic segments T2-T3 at St13. Whereas we did not observe any effects upon NB proliferation, all three single misexpressions revealed a significant reduction of daughter cell proliferation (Figures 5A -5B' and 5D). We also tested for combinatorial effects by triple misexpression of BX-C but did not observe any additive effects ( Figures 5C, 5C', and 5D ). To address whether BX-C misexpression triggers type I > 0 switches or PCD, we also misexpressed BX-C in a PCD mutant background (ED225). This gave similar results apart from a minor reduction in NB proliferation in Ubx misexpression ( Figures 5C, 5C', and 5E ).
To address whether single BX-C misexpression can prematurely trigger the daughter switch and NB exit within their normal expression domain, we analyzed Ubx misexpression in A1, driven from pros-Gal4. We did not, however, observe a reduction in NB or daughter proliferation in single Ubx misexpression in A1 ( Figure S5) .
To address the effect of BX-C misexpression in identified NB lineages, we analyzed proliferation and size of the NB5-6 and NB3-5 lineages in BX-C triple misexpression in T1-T3. Analysis of NB5-6T showed reduction in the number of cells in T1-T3 segments when compared to control (Figures 5F, 5G, and 5J). We found similar reduction of lineage size of NB3-5 when misexpressing BX-C from the ham-Gal4 driver ( Figures 5H, 5I , and 5K). Proliferation analysis in these two lineages revealed an early stop of the NB5-6 with no division at St13, whereas NB3-5 lineage showed a strong reduction of daughter divisions at St16 (Figures 5L and 5M ).
In summary, we found that misexpression of the BX-C genes can trigger type I > 0 daughter cell switches and NB exit, with a stronger effect on the former, and that these effects are not generally mediated by PCD.
BX-C Hox Genes Control Expression of Key Cell-Cycle Regulators
Previous studies revealed that embryonic VNC proliferation critically depends upon balanced levels of four key cell-cycle genes: Cyclin E (CycE), E2f1, string (stg; Cdc25) and dacapo (dap; p21 CIP1 /p27 KIP1 /p57 Kip2 ) [6, 41] . Whereas CycE, E2f1, and stg show effects in both daughters and NBs, dap plays a more selective role, mostly affecting daughters [6] (Figures S6A-S6D) .
We analyzed expression levels of CycE, E2f1, Stg, and Dap in BX-C mutants and misexpression backgrounds. Because protein levels cycle during the cell cycle, we quantified cell-cycle protein levels in both mitotic (Dpn+, PH3+) and non-mitotic Abd-B mutants showed increased levels of Stg in non-mitotic NBs, whereas misexpression of Abd-B showed a reduction of CycE and an increase in E2f1 ( Figures 6G-6I', 6N , and 6O). Because of the dynamics of Dap expression and its importance for the type I > 0 switch [6] (Figure S6 ), we also quantified the number of Dap+ NBs (both mitotic and non-mitotic). We found that the number of Dap+ NBs is decreased in Ubx and Abd-B mutants and increased in pros>Ubx misexpression but not affected in abd-A mutants or misexpression ( Figure 6P) . We conclude that all three BX-C genes control expression of one or more of the four cell-cycle factors ( Figure 6Q ).
DISCUSSION
A-P Gradient of Daughter and NB Proliferation, Combined with PCD, Results in a VNC Gradient of Cell Numbers Several important findings allowed us to perform a comprehensive global proliferation and cell number study, to understand NB behaviors along the A-P axis of the VNC, and to address how this relates to overall cell number in different segments: first, the identification of NBs in each segment of the VNC [9] [10] [11] [12] [13] ; second, identification of the two embryonic daughter proliferation modes: type I and type 0 [6] ; third, identification of mutants that block embryonic PCD [32] ; and fourth, progress in the mapping of the total number of cells in some VNC segments [14, 31, 42] (this study).
Building upon these advances, we find that NBs stop proliferating earlier in the posterior segments. This was evident both in single lineages (NB5-6 and NB3-5) and globally. In addition to a gradient of NB stop, lineage size is also affected by an earlier type I > 0 daughter switch toward posterior segments, evident both globally and in NB3-5 and NB5-6. The earlier type I > 0 switch and NB stop combine to establish radically different lineage sizes, with the average thoracic lineage more than 3-fold larger in size than the posterior-most abdominal ones. PCD has long been considered a key mechanism for controlling cell number in many tissues and specifically in the CNS in both vertebrates and invertebrates [43, 44] . PCD could theoretically affect lineage size and cell number in three ways: by terminating daughter proliferation; by terminating NB proliferation; and/or by removing postmitotic cells. With regard to NBs, studies in the larvae revealed extensive stop-by-PCD [45] . However, in the embryo, this has only been described in detail in one lineage: NB7-3 [46] and has been observed to a minor extent globally [14, 15] . In line with these findings, in the embryo, we only observed minor effects on NB proliferation in PCD mutants. Regarding PCD control of daughter proliferation, we did not observe any significant effect. However, our analysis of the total number of cells in PCD mutants revealed an increase in the overall number of cells in every segment, in line with other studies showing substantial cell death of postmitotic cells in a number of NB lineages [7, 14, 15, 18, 20, 21] . We noted that PCD of postmitotic cells was more noticeable in posterior segments. Nevertheless, we found that the difference in cell number along the A-P axis was still evident in PCD mutants. These findings demonstrate that a gradient of proliferation, i.e., type I > 0 daughter switch and NB exit, combines with a gradient of postmitotic PCD to create a gradient of lineage size and hence the wedge-like property of the VNC.
A-P and Temporal Gradient of Hox Expression Controls Proliferation
The A-P gradient of type I > 0 daughter proliferation switches and NB stop needs to be precisely controlled, not only spatially but also temporally. We found that this is mediated, at least in part, by BX-C Hox genes (this study) and by Antp [6] . How A-P spatial Hox expression is established during Drosophila development has been widely studied [47] [48] [49] . In contrast to our understanding of spatial Hox expression, the mechanisms underlying the recently identified temporal expression of Hox genes in NBs, described here and in previous studies [6, 7] , is unclear. Recent studies reveal that BX-C protein expression is positively controlled by the RNA-binding protein ELAV, which is expressed mainly in neurons and only transiently in NBs, and binds directly to, at least, the Ubx mRNA [50, 51] . The dynamic expression of ELAV protein could thus help provide temporal gating of Ubx, Abd-A, and Abd-B protein expression in NBs. In addition to the A-P differences in lineage size, NBs within the same segment display lineages ranging between 4 and 40 cells [10] [11] [12] . It is likely that these NB-specific differences are driven by the segment-polarity and columnar genes (reviewed in [52] ). Additionally, we did observe heterogeneous levels of Hox expression within segments ( Figure 3G ), which may contribute to controlling individual lineage sizes, even within the same segment.
The well-established spatially restricted domains of Hox expression provide a logical framework for the proliferation gradient. In addition, the temporal onset of Hox expression provides an explanation for the Hox-mediated proliferation restriction during lineage progression. Our findings propose the existence of a Hox-free ''ground state'' in NBs at early steps of lineage progression, allowing for more proliferative modes, i.e., type I daughters and cycling NBs. Subsequently, Hox expression levels increase in NBs, triggering the type I > 0 daughter switch and stopping NB proliferation, acting within their specific domains to establish the A-P wedge in lineage size. This patterning is characterized by a gradient of type I > 0 switches and NB exit, as well as NB and postmitotic PCD (Figure 7) . The hypothesis of a ''ground state'' has been proposed previously for appendages in Drosophila, where a Hox-free ground state would result in development of a T2 leg, and other segmental identities require the action of different Hox genes [53] .
Evolutionarily Conserved Program for Generating the Wedge-like CNS It is tempting to speculate that spatially and temporally regulated Hox homeotic gene function may play an evolutionarily conserved role in proliferation control and in establishing the widely recognizable wedge-like appearance of many animal CNSs. Several find- In the early VNC, BX-C and Antp Hox expression is absent (or low) in NBs (this study) [6, 7] . Subsequently, Hox expression commences in NBs, which triggers the type I > 0 daughter proliferation switch and ultimately NB cell-cycle exit. The overlapping gradients of Hox expression result in earlier type I > 0 proliferation switches and NB exit in more posterior segments, therefore generating fewer cells/lineage in posterior segments and developing a wedge-like profile in the VNC. PCD (crosses) plays an important role in removing both NBs and postmitotic cells, but the A-P gradient in proliferation and lineage size is evident even in PCD mutants.
ings support this notion. First, alternate daughter proliferation modes and tightly regulated progenitor proliferation exit have both been described during mammalian neurogenesis [54] [55] [56] . Second, Hox homeotic genes are evolutionary ancient and maintain the same clustering and genomic organization [57, 58] . Third, Hox genes are expressed in overlapping gradients in the developing CNS of a wide range of animals, including vertebrates [4] . Fourth, studies in Xenopus have revealed that overexpression of Xcad2 (Drosophila caudal ortholog) shifts the expression domain anteriorly of the posterior Hoxc6 and Hoxb9, resulting in microcephaly [59] . Similarly, mutation of Hoxb13 in mouse causes overgrowth of tail structures, including the neural tube [60] . Finally, the fact that the most anterior part of many CNSs, constituting the broadest part of the wedge, is free from Hox homeotic gene expression supports the notion that Hox genes play an important role as an evolutionarily conserved mechanism for proliferation control of progenitors and daughters, acting to control the establishment of the CNS wedge.
EXPERIMENTAL PROCEDURES
Fly Stocks ham-GFP was generated by inserting fragment GMR80G10, including the promoter from vector pBPGUw, into vector pEGFP-2.attB [61] (provided by K. Basler and J. Bischof) as a BamHI fragment and generating transgenes by site-directed, phiC31-mediated integration into landing site strains BL no. 9723 (28E) and BL no. 8622 (68A; BestGene).
Sequences coding for Abd-A and Abd-B were codon optimized for expression in Drosophila. DNAs were generated by gene synthesis (Genscript), cloned into pUAS.attB [62] , and injected into landing site strains (BestGene). See the Supplemental Experimental Procedures for details.
Immunohistochemistry
See the Supplemental Experimental Procedures.
Confocal Imaging and Data Acquisition
Quantification of Overall Cell Numbers
Hox Protein Intensity Measurements
Cell-Cycle Protein Intensity Measurements
Statistical Analysis
Pearson's chi-square test, normality test Shapiro-Wilk, two-tailed Student's t test, and two-tailed Mann-Whitney U-test were performed using SPSS v.23 (IBM; for specific statistical test used, see text and figures). Significance of p % 0.05 is indicated with one asterisk (*), p % 0.01 with two asterisks (**), p % 0.001 with three asterisks (***), and non-significant with ''ns.'' Microsoft Excel 2010 was used for data compilation and graphical representation. 
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